Neurocognitive research has the potential to identify the relevant e¡ects of music therapy. In this study, we examined the e¡ect of music mode (major vs. minor) on stress reduction using optical topography and an endocrinological stress marker. In salivary cortisol levels, we observed that stressful conditions such as mental fatigue (thinking and creating a response) was reduced more by major mode music than by minor mode music.We suggest that music speci¢cally induces an emotional response similar to a pleasant experience or happiness. Moreover, we demonstrated the typical asymmetrical pattern of stress responses in upper temporal cortex areas, and suggested that happiness/sadness emotional processing might be related to stress reduction by music. NeuroReport 19:75^78
Introduction
Music therapy is the therapeutic use of music and musical activity in the treatment of somatic and mental diseases. Music therapy and its research currently represent heterogeneous but growing fields. One of the major efforts in current music therapy research is to study the effectiveness and efficacy of defined interventions for certain diseases. Even if the outcome of studies in music therapy, however, were extensive and positive enough, whether music therapy is successful would remain an unanswered question. Khalfa et al. [1] suggested that music decreased stress hormone levels in stressful situations in healthy male participants. Further research, however, is needed to clarify the effects of music therapy in healthy controls.
Neurocognitive research as a basic research approach has the potential to identify and explain the relevant effects of music therapy using experimental research designs and neurophysiological investigation methods. It is also a useful tool to identify working practices, to generate new hypotheses, and in particular, to test and explain the correlation between music therapeutic intervention techniques and empirically observed outcomes. Music is processed by the human brain and represents a neurocognitive function. The neuronal processing of music as well as its complexity is comparable with speech [2, 3] . Therefore, it is obvious that understanding music involves thinking, creative thinking, and experience. To our knowledge, despite the effective findings of music, no research has been conducted on the relationships between stressful conditions such as mental fatigue (thinking and creating a response) and stress reduction by music.
A PET study recognition of pleasantness in music with consonant and dissonant excerpts [4] . Emotional processing of minor and dissonant chords, compared with major chords, identified enhanced responses in several brain areas [5] . In positive and negative emotional processing for stress reduction, the recognition of happiness and sadness in music should be comparable (major or minor mode of music) [6] . Moreover, Baumgartner et al. [7] [8] [9] suggested that strong emotions were evoked by pictures and classical music. In fact, for the application of music therapy, the use of entirely classical musical pieces may be appropriate; therefore, we examined the effect of music mode (major vs. minor) on stress reduction using optical topography (OT) and an endocrinological stress marker. To verify these findings and localize the brain regions involved, we used OT as multichannel near-infrared spectroscopy, which is noninvasive and safe and does not require participants to be restrained [10] . In addition, we used salivary cortisol as an endocrinological stress marker to objectively assess the stressful condition of mental fatigue [11, 12] . We hypothesized that major music mode would activate a stronger cortical response and reduce cortisol levels. This is the first trial of simultaneous neuroimaging and endocrinological measurements.
Methods

Participants
After obtaining informed consent, 10 healthy participants (five men, five women) aged between 25 and 35 years were included in this study. All participants were postgraduates or university graduates of normal intelligence. None of the participants had a history of neurological or psychiatric disorders or cardiovascular disease. Furthermore, participants were of average emotional status assessed by the selfrating depression scale [13] and the 28-item General Health Questionnaire [14] . None of the participants had a high-risk emotional state (GHQ28 score o8 and self-rating depression scale score o42). The design of this study was approved by the Ethical Committee of Hitachi Ltd, Central Research Laboratory.
Stress control
The seven original core subtests of the Japanese version of the Tanaka B-type intelligence test were used to induce mental fatigue (thinking and creating a response). This test is nonverbal, and is derived from the maze test, counting cubes, displacement task (figures and numbers), identification vs. same-different judgements (Japanese kana characters), filling sequence of numbers, marking figures, and filling figures. Familiar pieces of classical piano music were selected for major and minor mode music therapy. Participants previously rated whether 10 music pieces induced happiness or sadness on a visual analogue scale and the intended evoked emotions were analysed [major vs. minor: F(1,9)¼204.98, Po0.000, by repeated-measures analysis of variance (ANOVA)]. From these findings, two types of music were presented: Allegro con spirito of Mozart's Sonata for Two Pianos in D Major (K.448) (major, inducing emotions such as happiness: MA), and Beethoven's Fur Elise in A minor (minor, inducing emotions such as sadness: MI), in addition, a silent control condition (SIL) was included. Three sessions of MA and MI mode music were conducted per participant in a counterbalanced order and were separated by at least 10 days.
Cortisol sampling
Saliva samples were collected using the Salivette (Sarstedt Co. Ltd, Nü mbrecht, Germany) system. This method involved extracting saliva samples by centrifuging cotton wads held in the participants' mouths at the time of sampling. Participants were requested to refrain from eating and drinking anything except water for 1 h before sampling to minimize possible food debris and the stimulation of salivation. Saliva cortisol concentration was determined using Enzaplate cortisol (Bayer Medical Ltd, Japan). Changes in cortisol levels for each music condition were compared using repeated-measures ANOVA and the Bonferroni's test.
Optical topography measurements
We used the OT system, ETG-7000 (Hitachi Medical Corp., Japan), with 68 measurement positions. The system simultaneously irradiates light at wavelengths of 695 and 830 nm through an optical fibre to a single point. An optical probe was attached to each participant's head. Sampling rate was 0.1 s through an optical fibre located 30 mm from the incident position. Before measurement, adjustments were made to gain the average power of 1.5 mW in the presence of dense and/or thick hair. Changes in oxygenated haemoglobin (oxy-Hb), deoxygenated haemoglobin (deoxy-Hb), and total haemoglobin (total-Hb) concentrations were measured during the intelligence test. The measurement area was determined for each participant according to the International 10-20 System [15] . The left and right temporal upper channels were located on the C3 and C4 positions of each hemisphere and were positioned parallel to the line connecting Cz to T3 (left hemisphere) or T4 (right hemisphere). The upper channels of the bilateral measurement areas were considered to correspond to each primary sensorimotor area on the basis of the earlier studies [16] [17] [18] . In particular, the C3 and C4 locations have been shown to correspond to the central fissure in 17 Mongoloids [18] , the same race as our participants.
Experimental protocols
The experimental protocol consisted of OT measurements and resting intervals. The OT measurement time was about 30 min for each trial, which contained eight rest periods and seven consecutive task periods. During this measurement time, the participants were seated comfortably and were asked to relax during the silent condition and during each music condition. The rest periods were 60 s each, and the task periods were 120 or 180 s each. Before OT measurements were taken, saliva samples were collected for baseline values. Additional saliva samples were collected at 0, 30, and 60 min after the OT measurements.
Data analysis
We used total-Hb signals as the representative OT signals in this study, and the time-course data were bandpass filtered between 0.02 and 0.8 Hz to remove the components originating from the slow fluctuations of cerebral blood flow and heartbeat noise. The continuous stream data were divided into blocks each consisting of a 30-s pretask period, a 120 and 180-s task period, and a 30-s posttask period for further analysis. Moreover, all blocks that had been affected by movement artefacts were removed after detecting rapid changes in the total-Hb concentration for a single period (signal variations 40.3 mmol/mm over consecutive samples). We smoothed the data points by using a 75-point moving average and estimated a first-degree baseline value for each block. The mean change in the concentration of total-Hb was calculated for each channel. We defined the 30 s of the task period as the activation peak (on the basis of the peak search results) and the posttask period as the rest peak. Therefore, we regarded the difference between these periods as the enhancement of brain activation. To obtain brain activation induced by music, we subtracted total-Hb changes during SIL from those obtained during MA or MI. Repeated-ANOVAs and Bonferroni's tests were conducted to study the activation on each independent channel on the basis of the earlier studies [19] .
All analytical values were considered to be significantly different when Po0.05. All data were analysed using the statistical package SPSS 14.0J for Windows (SPSS Japan Inc., Tokyo, Japan).
Results
The mean level of cortisol increased in response to the intelligence task (Fig. 1) . The largest variation was seen in the final part of the resting interval (at time, 60 or 90 min of the protocol); cortisol levels in the MA group were significantly lower than those in the other groups [MI or SIL; F(2,27)¼4.92, P¼0.018 or F¼10.78, P¼0.001, respectively].
Significant haemodynamic peak channels are shown in Fig. 2 . In left dorsal frontal channels, we observed increased Hb changes during MA compared with MI. In right temporal channels, MI resulted in significantly increased Hb changes compared with MA, however in left channels MA resulted in more brain activation than MI. In lower temporal channels, MI resulted in a higher activation than MA. In occipital channels, MA resulted in significantly higher activation than MI.
Discussion
In this research, salivary cortisol levels demonstrated a most significant decrease among major mode music listeners. Even in minor mode music listeners, salivary cortisol levels, however, were decreased compared with those found in the silent control condition. These findings suggest that major mode music, which induced happiness, does relieve stress effectively and may act by decreasing the poststress response of the hypothalamus-pituitary-adrenal axis. Cortisol is an adrenocortical hormone and plays a central role in physiological adaptation to various stressors. The level of cortisol in the saliva reflects the level of free cortisol in the blood [11, 12] . The effects of music on stress reduction shown in this study correspond with previous findings [1] . In healthy participants, emotional, visual, and musical stimuli, however, can automatically evoke strong emotional feelings and experiences as shown in an fMRI study [7] [8] [9] . Therefore, in this study, we should also have considered the relationships between cortisol and cortical activation from experience and arousal. Further research is necessary to identify these emotional states from stress responses.
Our results demonstrate that a localized area of the brain responded to music under stressful conditions, and produced haemoglobin changes in cerebral blood oxygenation, which was robustly detected as a focal increase. In the dorsal frontal area, we observed increased haemoglobin in response to major mode (happy and pleasant) music compared with minor mode (sad and unpleasant) music. These results correspond with previous findings [20, 21] ; in particular, dorsal frontal areas correspond almost to the dorsolateral prefrontal cortex, which is associated with positive mood. In an fMRI study, emotional activations were also seen in the prefrontal region [22] , which is interpreted as an effect of emotional processing closely interlinked with attentional functions via neurochemical responses (such as a stressful condition caused by thinking or creating a response). The activations in the right and left hemispheres, however, did not differ with the contrast in music. These differences might be caused by the definition of negative emotion, scary, as against sad and unpleasant.
In the lower temporal cortex, in contrast, the haemoglobin changes to major mode music were decreased compared with minor mode music. In the upper temporal cortex, we observed significant asymmetric haemoglobin changes. In the temporal cortex, we suggest that pleasant/unpleasant emotional processing might be related to stress reduction by music. In an fMRI study, minor mode music, however, involved left orbito-dorsolateral and mid-dorsolateral frontal cortex activation [6] . These differences might be caused by the fact that only cortical activation (1-3 cm) is recorded by OT, or that this study was designed to investigate stress reduction by music and associated emotional responses. Moreover, the neural structures involved in emotional feelings by musical and sound stimuli were observed in the orbitofrontal gyrus, the amygdale, the insula, the striatum, the cerebellum, the hippocampus, and the parahippocampus [23] . The limitation of OT recording is also found. Further studies need to be conducted to clarify this issue by simultaneous neuroimaging measurement methods.
In the occipital cortex, a higher haemoglobin change in response to major mode compared with minor mode music was observed. These results might suggest that attenuated processing resources, in the lateral occipital complex for negative emotion through the dorsolateral prefrontal cortex (i.e. working memory), were activated [24, 25] . These effects of emotion, however, were demonstrated on visual activation, we could not find any evidence of musical processing. In contrast, we suggest that there was a sensitive interaction between cortical responses and arousal responses from endocrinological stress. Further research is necessary to clarify the complex relationship between the cerebral cortical responses and neurochemical responses. This study included only two music pieces (major and minor), and did not comprise a neutral condition. This makes it somewhat difficult to decide whether an effect emerged from the happiness of major mode music or from the sadness of minor mode music. Therefore, we should consider the existence of negative emotions from a stressful condition. In this study, we tried to identify the effect of music by including haemoglobin changes during a silent control condition. It is important to note that the present design has the positive advantage of stress reduction owing to music, and the simultaneous evaluation methods of neuroimaging and endocrinology might be effective in the study of emotional function.
We demonstrated the typical pattern of stress response assessed by OT and the cortisol changes owing to music as an index of stress reduction. Further study is necessary to investigate the role of music therapy in daily life.
